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SOMEEFFECTS
.
FROM0.7TO 1.6

OFAEROELASTICITYATMACHNUMBERS

ONTHEROLLINGEFFECTIVENESSOFTHIN

FLAT-PIJLTEDELTAWINGSHAVTNG45°SWEWLEADINGEIXIES

ANDFULL-SPANCONSTANT-CHORDAIIXFK)NS

By EdwardT. MarleyandRolandD. English

suMMARY

Theaeroelasticeffectsonwing-aileronrollingeffeetivenesssnd
dragofthinflat-platedeltawings‘with45°sweptieadingedgesand
plainconstant-chordaileronshavebeeninvestigated.Thisinvestiga-
tionhasbeencarriedoutovera Machnumberrangeof 0.7 to 1.6 by
meansofrocket-propelledtestvehiclesin freeflight.The-results
showa near-lineardecreasein lateralcontroleffectivenesswitha
decreaseinthewingtorsionalstiffness.An aileron-effectiveness

;.

reversalwasexperiencedwiththemoreflexibledelta-wingnmdels. .

INTRODUCTION

d

Inthecourseofa continuingprogramby theLangleyPilotless
AircraftResearchDivisiontodeterminetheeffectsof’aeroelasticity
uponsomeof themostpromisingwing-controlconfigura-tionsj?orhigh-
speedflight,an investigationwasconductedby usingsimplifiedmodels
to determinethefundamentalaer~elasticcharacteristicsof flap-t~e

..—

controlsondeltawings.Becauseofthelaboriousmethodsnow
involvedinpredictingaeroelasticeffectsondeltawings,thesedata
arepresentedwithoutanalysisor comparisonwiththeoryinorderto
mskethemimmediatelyavailableto designers.Thetrendsobservedfrom-
thesedatashouldbe applicabletomanydelta-wingaircraftandmissile
designs.
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SYMEOIS—. “-

“tips(with-regardto rolling
isconsideredtobe the

diameterofcirclesweptbywing
characteristics,thisdiameter
effectivespanof-thethree-fti~deu, seefig.2), feet

rollingvelocity,radianspersecond ,,.=

flight-pathvelocity,feetpersecond

wing-tiphelixangle,radians :-- .,..-..:.

totaldragcoefficient”basedon exjosedarea.”oft~ee”wirig” ‘“

panels s ~

Reynoldsnumberbasedon a wingchordofO;zl foot —

deflectionof eachaileronina planeperpen&cular”toailerori
hingeline,degrees ,-

concentrated10S.LIappliedon 17-percent-cho@’’lineato.88b/2

bendingdeflectionoftestwingalong17-perc”ent-chordline
underload P, inches

—

dynsmicpressure,poundspersquarefoot ~ . : ‘. .+.

concentratedcoupleappliedonwingat0.86b/2ina plane
perpendiculartowing-chordplane”amdparalleltomodel .
centerline,inch-pou@s

angleoftwistinplaneof m dueto m, radians

wingtofisio~al-stiffhessparanieter,radiansper inch-pound‘..”.—

wingbending-stiffnessparameter,inchesper.pound

distanceto 17-percent-chordlinemeasured
modelcenterline,feet

MQDELSANDTECHNIQUES

perpendicularf’rom

generalarrangemento.fthernodeleusedinthis.investigation
inthephotographwhichIspresentedas figure_landinthe ._.
presegtedasfi@.res2 and.~. ‘“: ‘._. .
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.
Eachmodelhadthreeflat-platedeltawingswithk5°sweptleading

edges.Theaspectratioforallmodelswask; othermodelinformation
e isas follows:

Model Ea Wingmaterial Averagewingthickness,in.

1 2.87 Solidsteel 00125 ‘
2, 2.72. Solidaluminum .125
3 2.56 Solidaluminum .125
k 2.36 Solidmagnesium .122
5 2.50 Solldmagnesium .122

Thewingmaterialwasvariedinorderto determinetheeffectsof
wingflexibilityontheaileronrollingeffectiveness.Eachofthe
testvehicleshadconstant-chordplaintrailing-edgeaileronsobtained

.-

by beveling.theaftsectionof thewing(seesketchinfig.3).

Thesetestvehicleswerepropelledbya two-stagerocket-propulsion
systemto a Machnumberof about1.6.

—
Timehistoriesof,therolling.

velocityobtainedby specialspinsonderadioequipmentandflight.-path
velocityobtainedby Dopplerradarwererecordedduringa 12-second

.,,

periodof coastingflightfollowingsustainer-rocketburnout.These
data,togetherwithatmosphericdataobtainedby radiosondemeasurements,
providedinformationforthecomputationoftherolling-effectiveness
parameterpb/2V andthetotal&ragcoefficientCm as functionsof
Machnumber.Detaileddescriptionsof theflighttestingtechniqueC-

. be found’inreferences1 and2. Ther&ngeandvariationofReynolds
numberwithMachnumberfor.themodelsflownsreshowninfigure4.

mcuRAcY

Thewingto.rsional-stiffhessparameter@/m wasaccurateto
+5 percent.Theexperimentalerroris estimatedtobe withinthe
followinglimits:

within
,.

Subsonic ~Supersonic
.- . . ,

pb/2V. ..... . . . . . . . . . . . . . . . . *&oo4 &o”.003
cm. ● . . . . . . . . . . . . . . . . . . . &o.oo5“. , . *o.005
M. .: .:. . . . . . . . . . . . . . . . . *0.005 ““ K).(3O5

.
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Thesensitivityoftheexperimentaltechniqueissuchthatmuchsmaller
.

irregularitiesinthevariationof pb/2V withMachmuribermaybe -.
detected.

Thevariation
ailerondeflection

l_–=

.— —
RESULTSANDDISCUSSION

—.—
-.

oftherolling-effectivenessparameterperdegreeok —
(pb/2V)/8awithMach_n@berforeachofthemodels ‘

testedispresentedinfigure5. Thecorrespondingvaluesofthedynfiic
pressureareshowninfigure6. Figure7 presentscrossplotsof
(pb/2V)/~a againstwingtorsionalstiffness. ,-...-.

Theresultso~-structuraltestsmadeonthemodelsarepresented
infigure8 whereinthevariationofitheflexuralandtorsionalcharac-
teristicsisshownasplotsof 5/p and ~/m asfunctionsofthenon-
dimensionalspanstationy/(b/2).It isnotedthattherecordeddeflec-
tioninbendingB/p forsimilarwingsof differentmaterialisnot
inverselypro~rtionaltothematerialmodulusaswouldbeexpected,a
probableexplanationbeingthattherootmountdistortedandcausedthe
wingto rotateaboutitsrootwhichwasnot,compensatedforinthe
curveinfigure8.

,.
Figure5 showsclearlytheeffectofwingflexibilityontherolling

effectivenessofthesedelta-wingmodels.Themorerigidsteelwing
model.hadthehighestvaluesof (pb/2V)/8athroughout”theMachnumber
range;lowervalueswereobtainedforthe moreflexibiealuminumwing
models;andthemagnesiumwingmodels,whichhadthemostflexiblewings,
hadthelowestvaluesof (pb/2V)/5a.An aileron-effectivenessreversal
occurredforthemagnesiumandaluminumwingmodelstitMachn~bersOF -
about M = 0.98 and M = 1.2,respectively.

Thecrossplotsof figure7 showthedeltawingsof thisinvestiga-
tiontohavea near-lineardecreaseinrollirigeffectivenesswitha
decreaseinwingtorsionalstiffness;this”resultis inkeepingwith
thepredictionsof reference3 formoreconventional%ingplanforms.,-

Therigid-wingvaluespresentedinfigure5 ofthispaperwere
obtainedby extrapolationfromcrossplotsof pb/2V againstwing
torsionalstiffness.Thisextrapolationwasjustifiablesincethe
valuesof q at anygivenMachnumberforallofthemodelswere
essentiallythesame;therefore,thewingtorsionalstiffnessremains .
astheprimaryvariableproducinga dwiationfromtherigid-wing
rollingeffectivenessofotherwisesimilarmodels.
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Figure9 presentsthetotaldragcoefficient
forthemodelsofthepresentinvestigationalong
supersonicbodydragcoefficients-forthesemodels.

5

againstMachnumber
withtheestimated

CONCLUSIONS

Wing-aileronrollingeffectivenesswasobtainedovera Machnuniber
rangefrom0.7to 1.6forthinflat-platedeltawings.Fromthesedata
thefollowingconclusionsaredrawn:

1.Theeffectsof aeroelasticityupondeltawingsaresimilarto
thosepreviouslyexperiencedwithmoreconventio~lphn fore;thatis,
thecontroleffectivenesshada near-lineardecreasewitha decreasein
wingtorsionalstiffness.

2. Aileron-effectivenessreversalwasexperiencedforthemore
flexiblewingmodelsofthisinvestigation.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va.
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Figure 2.- General armngemnt of test models.
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Figure4.-RangeandvariationofReynoldsnumberwithMachnumber.
Reynoldsnumbersbasedona meanexposedchordof0.521foot.
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Model Materied 8a,deg
1 Steel 2.87

.—— 2 Aluminum 2.72
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Figure 5.-Variationof rolltig effectivenessper
deflectionwith Mach number.
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Figure 6.-Dynamic pressure q plotted agdmt llachnumber.

‘b

r ‘, ,,,,iI



-. II

II 1’

.03

.02

o

.,

II

,:. .

{

,,,

, c:

-.01

R&id Wing (pb/2V&) VdWS

along ordinate,f3/m=O
/

Steel Aluminum Magnesium
‘-

-.. I
fl i-- i

I

‘.. M = 0.80

,
. I

\
‘- I

I
~ 0.90

1 %
\ -.

-. .-.

I

I I
o .1 .2 .3 .4 .5 .6x10-3

0/m atmid exposedspan,radians/in.-lb

Figure 7.-Cross plot of pb/2V/5a againat O/m at mid (?XpcEIedspan.
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Figure8.- Spanwisevariationof torsional-stiffnessparametere/m
andflexmal-stiffnessparameter@.
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